Twenty-nine cows from a 240-cow drylot Holstein dairy in north-central New Mexico aborted over a period of approximately 5 months. Nine aborted fetuses were necropsied, and all but 1 of the fetuses were between 5 and 7 months of gestation. Microscopic examination of fetal tissues revealed focal necrotizing encephalitis and nonsuppurative myocarditis in 7 of the 9 fetuses. Additional lesions observed in some fetuses were focal hepatic necrosis, nonsuppurative myositis, focal necrotizing placentitis, focal nonsuppurative pneumonia, and focal nonsuppurative nephritis. A few groups of Neospora caninum -like protozoan organisms were observed adjacent to necrotic foci in the brain of 2 fetuses and in the kidney of a third fetus. No other cause of abortion was detected.
zyme-linked immunosorbent assay (ELISA). 12 The plate agglutination test for Brucella abortus, the slide agglutination test for leptospirosis (5 serovars), the serum neutralization (SN) test for IBR, the SN test for BVD, the hemagglutination inhibition (HI) test for PI-3, the agar-gel immunodiffusion (AGID) test for bluetongue (BT), and the complement fixation (CF) tests for Chlamydia psittaci and Coxiella burnetii were done using standard methods.
Histopathology. Tissue specimens from multiple fetal organs were fixed in 10% buffered formalin, embedded in paraffin, sectioned at 5 µm, and stained with hematoxylin and eosin (HE). Selected tissue sections were stained with periodic acid-Schiff (PAS) stain.
Immunoperoxidase staining. The HE-stained slides containing the protozoa1 organisms from fetus nos. 3 and 8 were destained and reacted with anti-N. caninum serum in the peroxidase-antiperoxidase test. 15 Mouse inoculation. Homogenates of fetal brains and hearts were prepared in saline and injected intraperitoneally into young adult mice. 2 Three mice were injected with tissue homogenate from fetus no. 4, and 4 mice were injected with tissue homogenate from fetus no. 6. The mice were euthanatized 30 days after inoculation, and impression smears of brains, lungs, and mesenteric lymph nodes were stained and examined for T. gondii. Nitrate analysis. Vitreous samples from fetuses were tested for nitrates with the semiquantitative diphenylamine method. 13 Virology. Direct fluorescent antibody (FA) tests for IBR and BVD viruses were done with specific conjugates on frozen sections of fetal kidneys, adrenal glands, and spleens as described.'" Viral isolation studies were performed on tissues from 2 fetuses. b
Bacteriology. Abomasal fluid from all 9 fetuses and lungs from 2 fetuses were cultured aerobically. Samples were streaked onto blood agar, MacConkey agar, phenylethanol blood agar (PEA), chocolate agar, and Skirrow's Campylobacter agar. The plates were incubated at 35 C in air (MacConkey), 5% CO, (blood agar, PEA, chocolate), or a mixture of 85% N 2 , 10% CO 2 , and 5% 0 2 (Skirrow). Bacterial colonies that developed were identified using standard bacteriologic methods. 205 
Results
Histopathology. Microscopically, severe lesions were observed in the brains and hearts of 7 of the 9 fetuses necropsied ( Table 1) . Lesions in the brains consisted of scattered microfoci of necrosis and gliosis ( Fig. 1 ). Glial cells were often arranged around a central necrotic focus. The microfoci were randomly distributed throughout all areas of the brains but were most numerous in the brain stems. In some of the fetuses, early calcification was present in the microfoci. Protozoa were seen in the brains of 2 fetuses (nos. 3 and 8). In fetus no. 3 there were 2 groups of organisms. One group was circumscribed and contained approximately 8 PASnegative zoites (Fig. 2) . The other group was dispersed in the neuropil and contained approximately 20 zoites, each 1 x 3 µm ( Fig. 3 ). Two groups of organisms were seen in the brain of fetus no. 8. These groups were 10 x 11 µm and 11 x 15 µm and contained 8 and 15 zoites, respectively ( Fig. 4) . These were the only organisms identified in numerous sections of brains. In the hearts, there was patchy infiltration of mixed mononuclear cells, predominantly lymphocytes and histiocytes, but no protozoa were observed.
Gross lesions Necropsies were performed on 9 fetuses; the first fetus examined was aborted October 15, In all 7 fetuses with lesions in the brain and heart, 1987, and the last fetus examined was aborted Feb-there were increased numbers of round cells resembling hematopoietic cells in the liver. Scattered microfoci of ruary 19, 1988. With 1 exception (fetus no. 5) aborted fetuses were between 5 and 7 months of gestation (Ta-necrosis were observed in the livers of 4 fetuses (Table   ble 1 ) and were nonhaired and autolyzed. The autolysis 1). Skeletal muscles examined microscopically from 2 was considered to have occurred in utero, because the fetuses were tongue, diaphragm, and thigh muscle. In both fetuses there was a severe myositis characterized fetuses were found within a few hours of expulsion and by patchy infiltrates of mixed mononuclear cells. Scatwere immediately refrigerated or frozen. The major tered microfoci of mononuclear cell infiltration were gross findings in the fetuses were marked subcutaneous observed to be inconsistent in the kidney (1 fetus), t serosanguineous fluid in body Mouse inoculation. Toxoplasma organisms were not seen in stained smears of brains, lungs, and mesenteric lymph nodes of mice injected with tissue suspensions from fetus nos. 4 and 6. Serology. Serologic tests for antibodies to a number of agents known to cause abortion in cattle were performed on 6 of the cows that aborted (Table 2) . Only the first set of sera was tested for antibodies to IBR, BVD, and PI-3 viruses and Leptospira, because the cows were vaccinated against these agents between the time the first and second samples were collected. All of the cows tested had moderate to high BVD virus antibody titers. Antibody titers to Brucella, Leptospira, PI-3 virus, and IBR virus were low or negative. Titers in paired sera tested for the presence of antibody to BT virus, C. psittaci, and C. burnetii were low, and no rises in titers were demonstrated (Table 2) .
Toxoplasma agglutination tests were uniformly negative on sera from 9 aborting cows. The optical density readings for both IgG and IgM antibodies to S. cruzi were similar in sera from 9 aborting cows, 4 nonaborting cows, and controls.
Agglutination tests for antibodies to T. gondii were negative on thoracic fluid samples from 2 fetuses (nos. 7 and 8).
Discussion
Both naturally occurring 1 and experimental 1l infections with S. cruzi are known to result in abortions in a high percentage of infected pregnant cows. Clinical signs observed in cows infected with S. cruzi include anorexia, pyrexia, weight loss, hypersalivation, muscle tremors, and hair loss. Sarcocystis schizonts are found in endothelial cells in multiple organs, including the uterus. Aborted fetuses from these cows showed few or no lesions, and, with few exceptions, no Sarcocystis organisms were found in fetal tissues. In contrast to this disease syndrome, referred to as Dalmeny disease, is the present protozoan abortion epizootic in which no clinical signs were observed in cows and severe lesions were present in aborted fetuses.
The most consistent fetal lesions in the present abortion outbreak were severe focal necrotizing encephalitis, nonsuppurative myocarditis, and focal necrotizing hepatitis. These lesions have been described in sporadic cases of protozoan abortion reported from several countries. 3, 10 In only a few of the reports were Sarcocystis organisms definitely identified in endothelial cells in various fetal tissues. 4, 17 The fetal lesions were not typical of those seen in abortions induced by viral, bacterial, chlamydial, or rickettsial organisms. Additionally, microbiologic and serologic studies did not substantiate a viral, bacterial, chlamydial, or rickettsial etiology. Admittedly, abortions caused by some viral and bacterial agents would not be eliminated on the basis of negative maternal antibody titers. 9 The elevated BVD titers were considered to be due to vaccination or previous exposure.
The present protozoan abortion epizootic was very similar to that which occurred in 4 dairy herds in Australia. 16 Fetal lesions, the incidence of abortion in the herds, the paucity of protozoan organisms, and the microscopic appearance of the organisms were all very similar. The abortions described in the epizootics in Australia were attributed to a Sarcocystis -like proto- The organism in the present study was not consid- had no detectable antibodies to T. gondii, and the par-8. Dubey JP, Leathers CW, Lindsay DS: 1989, Neospora caniasite was structurally distinct from T. gondii tachynum -like protozoon associated with fatal myelitis in newborn zoites or tissue cysts.
